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Abstract Encrustation by diverse sclerobionts is found on
about 4% of upper Famennian cephalopods from the active
Kowala Quarry, Holy Cross Mountains, central Poland.
These infested cephalopods are represented mostly by
clymeniid ammonites, but also include goniatitids and
nautiloids. Sclerobionts on cephalopod shells include
crinoids (represented by their holdfasts, about 57% of
encrusters), moulds of problematic worm tubes (less
common, about 28.5%), bryozoans, microconchids, possi-
ble cornulitids and organisms of uncertain affinities. All of
the sclerobionts likely utilised shells of dead cephalopods
as a hard substrate for their settlement. However, most of
the infestation appears on internal moulds because the
cephalopod aragonite was dissolved during diagenesis. It is
possible that some of the sclerobionts encrusted exhumed
lithified internal moulds. These isolated cephalopod shells
and internal moulds likely served as benthic islands for
various encrusters on a Devonian muddy sea-floor.
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Introduction
Many modern and ancient invertebrates encrusting cepha-
lopod shells have been documented by numerous authors.
The earliest examples of cephalopod shell colonisation by
hard substrate biota are noted in the Upper Ordovician.
These oldest encrusters include tabulate corals (Galle and
Parsley 2005), bryozoans, edrioasteroids (Baird et al. 1989;
Frey 1989; Kácha and Šarič 2009), crinoids, cystoids
(Ganss 1937, vide Rakús and Zítt 1993), inarticulate
brachiopods (Gabbott 1999; Lockley and Antia 1980) and
cornulitids (Gabbott 1999; Morris and Rollins 1971) found
on nautiloids (mainly orthoconic). Silurian epibionts utilising
cephalopod hosts (orthoconic nautiloids) were "spirorbids"
(Watkins 1981) belonging to the microconchids (Taylor and
Vinn 2006; Vinn and Taylor 2007; Zatoń and Taylor 2009),
crinoids (Prokop and Turek 1983) and inarticulate brachio-
pods (Lockley and Antia 1980). Numerous authors have
reported diverse assemblages of encrusters on cephalopod
shells (nautiloids, goniatitids and clymeniids) during the
Devonian, and many examples from various stratigraphic
levels (Emsian to Famennian) are known. These epibionts
include corals, bryozoans, crinoids, cystoids, brachiopods
and bivalves, as well as problematic worm tubes or
foraminiferans (e.g. Baird et al. 1989; Chlupáč and Turek
1983; Davis et al. 1999; Grimm 1998; Klug and Korn 2001;
Nagel 2006; Thayer 1974). Moreover, colonisation of early
Carboniferous orthoconic nautiloids by problematic worm
tubes has been documented by Klug and Korn (2001). Many
encrusters on ammonoid or nautiloid shells and belemnite
rostra are known from the Mesozoic. These include
foraminiferans, annelids, corals, bryozoans, bivalves, bra-
chiopods, crinoids, barnacles, and oysters (e.g. Cope 1968;
Heptonstall 1970; Kauffman 1978; Klug and Lehmkuhl
2004; Lukeneder 2008; Macchioni 2000; Manni et al. 1991;
Meischner 1968; Nicosia 1986; Pugaczewska 1965; Rakús
and Zítt 1993; Seilacher 1960; Schmid-Röhl and Röhl 2003;
Wilson et al. 1998). Landman et al. (1987) documented
numerous examples of modern cephalopods infested by
various organisms utilising the shells of Recent Nautilus.
These include foraminiferans, serpulids, bryozoans, corals,
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barnacles, scyphozoans, bivalves, and sponges (see also
Donovan 1989; Maeda and Seilacher 1996; Reyment
2008; Taylor and Wilson 2003 and references therein).
Donovan (1989) illustrated an interesting discovery of a
modern coleoid shell of Spirula spirula that remained
covered by soft tissue while the cephalopod was alive,
subsequently being encrusted by the barnacle Lepas
anatifera after death when soft tissues of the cephalopod
decayed. While numerous occurrences of sclerobionts on
Devonian cephalopods have been described, very little
research on this subject has been done in Poland.
Berkowski (2002, Pl. 8, fig. 3) illustrated one specimen
of the Famennian goniatite Sporadoceras infested by the
coral Neaxon tenuiseptatus Różkowska from the Kowala
Quarry. Epibionts on cephalopod hosts from the upper-
most Famennian of the Kowala Quarry and their palae-
oecologic and taphonomic implications are described here.
Geological setting
The area investigated in this study is located in the southern
limb of the Gałęzice–Kowala syncline, in the southern part
of the Kielce region of the Holy Cross Mountains, Poland,
approximately 10 km southwest of Kielce (Fig. 1). The
succession starts with carbonate deposits, which are partly
reef limestones of Frasnian age. They are overlain by
Famennian rocks represented by thin-bedded rhythmic
successions of dark-grey and black limestone and marly
shale in the lower and middle parts of the Famennian
succession (Berkowski 2002; Racki et al. 2002; Szulczewski
1971). In the uppermost part of the Famennian section
exposed at the Kowala Quarry, green and red nodular marly-
limestone with abundant cephalopods intercalate with marly
shale and several black shale horizons and tuffites. An
uppermost black shale horizon corresponds with the
Hangenberg event (Marynowski and Filipiak 2007). The
Famennian section in the Kowala Quarry is the most
complete and thickest succession of the series in the Holy
Cross Mountains (e.g. Berkowski 2002; Dzik 2006). The
total thickness of Famennian deposits here is about 200 m
(e.g. Bond and Zatoń 2003). The Famennian part of the
Kowala section has been subdivided into informal lithological
sets from H-3 to L (Berkowski 2002; Racki and Szulczewski
1996). The specimens described in this report were found in
the uppermost part of the Famennian succession, known as
unit L (sensu Berkowski 2002). The strata investigated
consist of green and red marly cephalopod-bearing lime-
stone, intercalating with marly shale (“Wocklumeria Lime-
stone”; for a more detailed description, see, for example,,
Berkowski 2002; Dzik 2006; Marynowski and Filipiak
2007), and one black shale horizon denoted as the Kowala
Black Shale by Marynowski and Filipiak (2007). This
succession is located on the northeastern and northern walls
of the Kowala Quarry (Fig. 1). The stratigraphic setting of
this unit has been determined using ammonoids (Rakociński
2007, 2009) and includes the zones ranging from Clymenia
laevigata to Wocklumeria sphaeroides, which correspond to
the following units of conodont zones: a considerable part of
expansa and the lower and middle parts of praesulcata. This
setting corresponds to the P. jugosus and D. trigonica of
Dzik (2006).
Material and methods
Material
The material for this investigation was collected between
2003 and 2009 from the northern and northeastern walls
(mainly in rubble) of the active Kowala Quarry (Fig. 1).
About 1200 specimens (represented by complete specimens
and fragments) were examined. Most of the cephalopods
are represented by internal moulds, occasionally with shell
fragments. In addition, some specimens were partly
surrounded by rock matrix. In 2008–2009, specimens of
Famennian cephalopods from the Kowala Quarry were
studied to find epibionts. Only 50 specimens of cephalo-
pods displayed encrustation by various sclerobionts. Before
being photographed, the specimens were coated with
ammonium chloride (NH4Cl). Images of some sclerobionts
were also prepared using an environmental scanning
electron microscope (model XL30 ESEM/TMP; Philips,
Eindhoven, the Netherlands), which made it possible to
scan the specimens without coating. All specimens are
housed at the Faculty of Earth Sciences, University of
Silesia, Sosnowiec, under the collection number GIUS-4.
Terminology
Many terms have been used to categorise organisms
inhabiting marine hard substrates (for review see Davis et
al. 1999; Taylor and Wilson 2002, 2003). In the field of
palaeontology, a commonly encountered problem is that of
establishing whether organisms attached to a shell while the
cephalopod was alive, while the shell was floating in the
sea after the death of the cephalopod (necroplanctonic) or
while the shell was lying on the sea floor as a hard
substrate. However, several criteria can be used as
indicators of whether an organism settled on a cephalopod
syn-vivo or post-mortem (e.g. Davis et al. 1999; Klug and
Korn 2001).
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Fig. 1 a Simplified geological map of the western and central part of
the Holy Cross Mountains (after Marynowski and Filipiak 2007). b
Aerial view of the Kowala quarry (from Google Maps: http://maps.
google.com). The walls shown in c and d are indicated by white
arrows. c View of the northeastern wall of the active Kowala Quarry
(state on October 2005; photograph by M. Lewandowski), with
informal lithological set L of Berkowski (2002); KBS Kowala black
shale. d Rubble on northern wall of the Kowala Quarry (state on
October 2005; photograph by M. Lewandowski)
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Davis et al. (1999) used the term epizoa for organisms
attached to the surface of living hosts. In contrast,
according to these authors, the term epicoles is used to
denote the organisms that attached to a "more or less hard
object, be it living, once living but now dead or inorganic".
This term is especially useful when it is unclear whether the
host was alive. If there is a certainty that the organisms
were attached to dead shells, the term post-mortem epicoles
can be used (cf. Davis et al. 1999; Klug and Korn 2001).
The term epibiont refers to an organism encrusting an
organic substrate regardless of whether the host was alive
or dead at the time of colonisation (Walker and Miller 1992;
see also Taylor and Wilson 2002, 2003). Another collective
term—sclerobionts—was proposed by Taylor and Wilson
(2002) for any organisms inhabiting any kind of hard
substrate.
In this paper, the terms sclerobionts and epicoles are
used because all of the encrusters likely utilised shells of
dead cephalopods as hard substrates. It is possible,
however, that some of the sclerobionts may have encrusted
exhumed lithified internal moulds as well.
Description of the sclerobiont and cephalopod host
associations
Most of the cephalopods carrying epicoles belong to
clymeniids as well as to goniatitids and nautiloids. The
sclerobiont assemblage is characterised by its low diversity
and consists mostly of crinoids (represented by holdfasts,
about 57% of the encrusters), moulds of problematic worm
tubes (which are less common, about 28.5%), bryozoans,
microconchids, possible cornulitids and other organisms of
uncertain affinities (Fig. 2).
Most shells are encrusted on one lateral side only (see
Appendix), with the exception of Prionoceras lineare
(Fig. 3a), which is infested on both sides. Only one of the
crinoid holdfasts is cemented on the ventrolateral side of
Prionoceras lineare (Fig. 3b).
Crinoids
Crinoids are represented by well-preserved, small discoidal
holdfasts (<7 mm) belonging to unidentified crinoid taxa.
They are attached to clymeniids, goniatitids and nautiloids.
Most of the holdfasts are single (Figs. 3b, d; 4b, c), but
occasionally they can be found in clusters (Fig. 4e), perhaps
indicating gregarious behaviour. They are very similar to
the crinoid holdfast attached to a phragmocone of Endo-
siphonites muensteri described from the Famennian deposits
in the eastern Anti-Atlas (Morocco) by Klug and Korn
(2001, Pl. 2, fig. G). Similar small discoidal holdfasts
attached to wood from the early Famennian of Morocco are
also reported by Klug et al. (2003); however, their true
taxonomic affiliation is unknown (see also Seilacher and
Hauff 2004). Klug et al. (2003) suggest a pseudoplanktonic
mode of life for these crinoids. The crinoids that grew on
the ammonoids found in Kowala were most probably
benthic organisms. Despite the similarity of their holdfasts,
these crinoids belong to two different groups, indicating
different ecological strategies. Głuchowski (2002) described a
rich crinoid assemblage from this interval, represented by
Cosmocrinus polonicus, Schyschcatocrinus levis, Stenocri-
nus altus, Taranshicrinus vulgaris, Acbastaucrinus affecta-
tus, Cyclocion sp., Cyclocaudiculus longus, Cyclostelechus?
sp., and Kasachstanocrinus sp. Unfortunately, this crinoid
material is represented only by isolated ossicles (mainly
columnals and scarce pluricolumnals) and for that reason, the
taxonomic affiliation of the holdfasts is unknown. These
holdfasts might belong to some of the genera mentioned
above, excluding Kasachstanocrinus because of its pentago-
nal columnals.
Moulds of problematic worm tubes
Problematic worm tubes are less common and very poorly
preserved as internal moulds (Figs. 3a; 4a, c) attached to
clymeniids and goniatitids, whereas on nautiloid shells,
they are absent. The tube growth direction is variable. They
are very similar to serpulid-like polychaete tubes (see, for
Fig. 2 Pie chart diagrams showing the percentage contribution of
particular sclerobiont taxa on the Famennian cephalopod shells
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example, Macchioni 2000, Pl. 1, figs. 9 and 10). However,
the first unequivocal serpulids appeared in the Middle
Triassic (see Vinn and Mutvei 2009). Moreover other
serpulid-like calcareous polychaetes, namely, sabellids,
appeared even later during the Early Jurassic (Olev Vinn,
personal communication 2010; see also Vinn et al. 2008).
Therefore, their zoological affinities are problematic. All
Palaeozoic problematic tubeworms need further study (cf.
Vinn and Mutvei 2009).
It has been suggested (Olev Vinn, personal communi-
cation 2010) that some of the moulds of problematic
worm tubes discussed here are similar to the internal
lithified moulds of Trypanites borings, which could have
been bored into the aragonitic shell of the cephalopod.
Sometime later, the cephalopod shell was dissolved and
the mineralized moulds of Trypanites exposed on the
mould of cephalopod.
Microconchids and possibly cornulitids
Microconchids are very poorly preserved and were found
on the right flank of a fragmentary shell and on the left
flank of an internal mould of Prionoceras lineare (Fig. 3a).
Microconchids also were seen on an internal mould of
Prionoceras cf. lineare (Fig. 3c), on a shell of Cymacly-
menia (Fig. 4c) and on an internal mould of Cymaclymenia
Fig. 3 Sclerobiont on cephalo-
pod shells from the Upper
Famennian at Kowala Quarry.
a1 Mould of problematic worm
tubes, microconchids and
possibly cornulitid on shells of
Prionoceras lineare. a2 Trace of
microconchids on internal
mould of Prionoceras lineare.
a3 Detailed view of shell
fragments of a1. a4 Moulds of
problematic worm tubes on shell
Prionoceras lineare (GIUS4–
2872–KW–22/1). b Prionoceras
lineare with crinoid holdfast on
the phragmocone (GIUS4–
3541–KW–1). c1 Prionoceras
cf. lineare with microconchid on
a body chamber (GIUS4–2872–
KW–22/2). c2 Microconchids
settled on the surface of the
mould Prionoceras cf. lineare.
d1 Fragment of Posttornoceras
fallax (GIUS4-2858-KW-8/2)
with crinoid holdfast,
juvenile bryozoans and
organism of uncertain affinities
on the phragmocone. d2
Detailed view of fragments of
d1. br Bryozoans, c possibly
cornulitids, cr crinoid holdfasts,
m microconchids, w moulds of
problematic worm tubes, u
organisms of uncertain affinities
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(see Appendix). An alleged juvenile cornulitid was found
on one specimen of Prionoceras lineare (Fig. 3a); never-
theless, this taxonomic affiliation is problematic owing to
insufficient preservation.
Bryozoans
Bryozoans are represented by two taxa: indeterminate
juvenile bryozoans (too young to assign to an order—
possibly trepostomes or another stenolaemate bryozoan
order: cystoporate or, less likely, a cryptostome) and
trepostomes, probably the genus Paleschara; however, the
latter genus may not have biological validity (Paul D.
Taylor, e-mail communication 2008). The juvenile bryozo-
an is attached to Posttornoceras fallax (Fig. 3d), whereas
larger specimens assigned to Paleschara were found on an
orthoconic nautiloid belonging to the genus Spyroceras
(Fig. 4g).
Organisms of uncertain affinities
Two different types of organisms of uncertain affinities
have been discovered. The first resembles Centrichnus, an
etching trace made by encrusting anomiid bivalves;
however, this group is not known yet from the Palaeozoic
(Taylor and Wilson 2003). This epicole was found on a
Fig. 4 Sclerobionts on cephalo-
pod shells from the Upper
Famennian at Kowala Quarry.
a1 Mould of problematic worm
tube on body chamber of
Cymaclymenia costellata
(GIUS4–2875–KW–25/3). a2
Detailed view of a1. b1 Frag-
ment of Kosmoclymenia kowa-
lensis witch organism of
uncertain affinities and crinoid
holdfast on the phragmocone
(GIUS4–2880–KW–30/2). b2
Detailed view of b1. c1 Shell of
Cymaclymenia sp. encrusted by
crinoid holdfasts, moulds of
problematic worm tubes and
microconchid (GIUS4-2877-
KW-27/8). c2 Detailed view of
c1. d Crinoid holdfasts and
mould of problematic worm
tube on Cymaclymenia costel-
lata (GIUS4–2875–KW–25/2).
e1 Fragment of an orthoconic
nautiloid with crinoid holdfasts
(GIUS4–3498–N–3). e2
Detailed view of e1. f Crinoid
holdfasts on ?Sphenoclymenia
(GIUS–3541–KW–17). g1
Spyroceras sp. encrusted by
bryozoans Paleschara sp.
(GIUS4-3498-N-2). g2 Detailed
view of g1
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Posttornoceras fallax (Fig. 3d). A similar fossil was
illustrated by Miller and Furnish (1958, Pl. 35, fig. 8) on
a specimen of Muensteroceras rowleyi from the early
Mississippian of the Burlington Limestone in Missouri.
The second type was found on a specimen of Kosmocly-
menia kowalensis (Fig. 4b). This specimen resembles an
anthozoan basal disc. Due to very poor preservation, its
taxonomic affinities remain uncertain.
Palaeoecological and taphonomical implications
In the fossil record, the determination of whether encrus-
tation by sclerobionts of the cephalopod shells occurred
during life or after death (when the shell drifted as
necroplankton or settled to the bottom) is often difficult or
impossible (e.g. Klug and Korn 2001; Lukeneder 2008;
Wignall and Simms 1990). Several criteria can be used as
indicators of syn vivo or post-mortem infestation (for more
details, see, for example, Klug and Korn 2001; Rakús and
Zítt 1993; Wignall and Simms 1990). However, it is
probable that all of the sclerobionts studied here had settled
on dead cephalopod shells as a hard substrate on the soft
seafloor sediments. Colonisation during the lifetimes of the
cephalopods is unlikely, because:
(1) most of the encrustation is present on internal moulds
(see a similar case in Klug and Korn 2001) after the
aragonitic shell material of cephalopods had been
dissolved during diagenesis.
(2) nearly all of the sclerobionts are attached to only one
flank of the cephalopod shells (with the exception of
Prionoceras lineare; see Fig. 3a). In addition, hold-
fasts are oriented perpendicularly to the lateral side of
the shell (cf. Klug and Korn 2001).
(3) no sclerobionts are observed on a ventral side.
(4) the sclerobionts did not cause any growth modification
of the cephalopod conchs (see Davis et al. 1999; Klug
and Korn 2001; Klug et al. 2004; Maeda and Seilacher
1996; Seilacher 1960; Wignall and Simms 1990).
By contrast, it is very unlikely that these post-mortem
epicole-encrustations occurred while the shell was drifting
as necroplankton. This conclusion stems from the fact that
all of the coiled cephalopods investigated were too small
(< approx. 200 mm of shell diameter) for longer post-
mortem drifting (for details see Wani et al. 2005) and to
support a certain load of epicole skeletons. In orthoconic
nautiloids, it is problematic to ascertain whether necro-
planktic drift occurred because the shell shape they had has
no modern counterparts. Nonetheless, some cephalopod
specialists conclude that post-mortem drift did occur (for
details, see, for example, Gabbott 1999). In this study, it is
suggested that some of the encrustation occurred when the
shells sank to the sea floor after death and settled on the
sediment surface. Most of the encrustations described here
are on internal moulds and, therefore, sclerobionts may
have also encrusted exhumed lithified internal moulds. The
presence of sclerobionts, the abundance of benthic organisms
(represented by crinoids, solitary rugose corals, tabulates,
bryozoans, brachiopods, trilobites and gastropods) and bio-
turbation indicate a slow rate of sedimentation and a well-
aerated bottom environment in very quiet waters. This
interpretation is partly supported by the conclusions of Biernat
and Racki (1986) and Halamski and Baliński (2009), both of
whom described a brachiopod assemblage in this sequence
that is typical for starved, deep and quiet water setting.
As Galle and Parsley (2005, p. 127) noted, "epibionts
on cephalopods are uncommon"; by contrast, the occur-
rences of various encrusters on cephalopod shells have
often been reported from the fossil record (see above). In
addition, Taylor (1990, p. 349) also referred to this
problem: "In environments normally hostile to epibenthos,
as some muddy deposits, the rare substrata provided by
the shells of nektonic animals constitute important habitat
islands for sessile species which often form dense
encrustations". In this case the isolated cephalopod shells
certainly served as benthic islands for various encrusters
on a Devonian muddy sea-floor (cf. Kauffman 1978;
Taylor and Wilson 2003).
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Appendix
Characteristics and distribution pattern of sclerobionts
on investigated cephalopod shells
Table 1
Host taxa Characteristic features Sclerobionts Position
Prionoceras lineare
GIUS4 - 2872-KW-22/1
Complete phragmacone internal
mould with fragment shell
Four microconchids
possibly cornulitid
and tree worm tubes
Right lateral side on
a fragment shell
Microconchid Left lateral side on
internal mould
Prionoceras cf. lineare
GIUS4-2872-KW-22/2
One haft phragmocone and body
chamber internal mould
Microconchid Right lateral side on
a body chamber
Prionoceras cf. lineare
GIUS4-2872-KW 22/18
Nearly complete phragmocone
internal mould
Worm tube Right lateral side
Prionoceras lineare
GIUS4-3541-KW-1
Nearly complete phragmocone
internal mould
Crinoid holdfast Left ventro-lateral side
Prionoceras sp.
GIUS4-2873-KW-23/1
Nearly complete internal mould Worm tube Right lateral side on
a body chamber
Prionoceras sp.
GIUS4-2873-KW-23/2
Fragment of phragmocone
internal mould
Criniod holdfast Left lateral side
Prionoceras sp.
GIUS4-3541-KW-18
Nearly complete phragmocone and
body chamber internal mould
Worm tube Right lateral side on
a body chamber
Posttornoceras fallax
GIUS4-2858-KW-8/2
Fragment of phragmocone
internal mould
Criniod holdfast, bryozoan,
organism of uncertain
affinities
Left lateral side
Posttornoceras posthumum
GIUS4-2859-KW-9/1
Complete phragmocone internal
mould with fragment shell
Worm tube Right lateral side on
a fragment shell
Posttornoceras posthumum
GIUS4-3541-KW-19
Complete of phragmocone
internal mould
Criniod holdfast Left lateral side
Discoclymenia cucullata
GIUS4-3541-KW-20
Fragment of phragmocone
internal mould
Criniod holdfast Left lateral side
Cymaclymenia costellata
GIUS4-2875-KW-25/2
Phragmocone internal mould and
body chamber with shell
Criniod holdfast (trace) Left internal side on
a phragmocone
Two criniod holdfast,
worm tube
Left lateral side on
a body chamber
on shell
Cymaclymenia sp.
GIUS4-2877-KW-27/2
Fragment of phragmocone and
chamber internal mould
Criniod holdfast Right lateral side on
a body chamber
Cymaclymenia costellata
GIUS4-2875-KW-25/3
Complete internal mould Worm tube Right lateral side on
a body chamber
Cymaclymenia sp.
GIUS4-2877-KW-27/3
Fragment of phragmocone and
body chamber internal mould
Criniod holdfast Right lateral side on
a body chamber
Cymaclymenia sp.
GIUS4-2877-KW-27/4
Nearly complete phragmocone and
body chamber internal mould
Criniod holdfast Right lateral side on
a phragmocone
Cymaclymenia sp.
GIUS4-2877-KW-27/5
Fragment of phragmocone
internal mould
Criniod holdfast,
worm tube
Right lateral side
Cymaclymenia sp.
GIUS4-2877-KW-27/6
Complete phragmocone internal mould Criniod holdfast Left lateral side
Cymaclymenia sp.
GIUS4-2877-KW-27/7
Fragment of phragmocone and
body chamber internal mould
Criniod holdfast Right lateral side on
a body chamber
Cymaclymenia sp.
GIUS4-2877-KW-27/8
Fragment of phragmocone with
shell on a right side on left side
internal mould
Four criniod holdfast
six worm tube, one
microconchids ?
Right lateral side on
a shell
Cymaclymenia sp.
GIUS4-2877-KW-27/9
Fragment of a body chamber internal
mould
Criniod holdfast Left lateral side
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Table 1 (continued)
Host taxa Characteristic features Sclerobionts Position
Cymaclymenia? sp.
GIUS4-2877-KW-27/10
Fragment of phragmocone and body
chamber internal mould
Three criniod holdfast Right lateral side on
a body chamber
Cymaclymenia? sp.
GIUS4-2877-KW-27/11
Fragment of a body chamber internal
mould, with fragment shell on left
side
Worm tube Right lateral side
Cymaclymenia sp.
GIUS4-3541-KW-4
Fragment of phragmocone and
body chamber internal mould
with fragment shell on left side
body chmaber
Criniod holdfast (trace) Left lateral side on a
body chamber on shell
Cymaclymenia sp.
GIUS4-3541-KW-5
Fragment of phragmocone and body
chamber internal mould
Worm tube Left lateral side on a
phragmocone
Cymaclymenia sp.
GIUS4-3541-KW-6
Nearly complete phragmocone
internal mould
Microconchid Left lateral side
Cymaclymenia sp.
GIUS4-3541-KW-7
Fragment of phragmocone and body
chamber internal mould
Worm tube Left lateral side on a
body chamber
Cymaclymenia sp.
GIUS4-3541-KW-8
Fragment of phragmocone and body
chamber internal mould
Worm tube Left lateral side on a
body chamber
Biloclymenia pristina
GIUS4-2887-KW-37/2
Complete internal mould Criniod holdfast Right lateral side on a
body chmaber
Biloclymenia pristina
GIUS4-2887-KW-37/3
Fragment of phragmocone
internal mould
Worm tube Right lateral side
Kosmoclymenia
kowalensis
GIUS4-2880-KW-30/2
Uncomplete phragmocone
internal mould
Organism of uncertain affinities,
criniod holdfast (trace)
Left lateral side
Kosmoclymenia
kowalensis
GIUS4-2880-KW-30/3
Fragment of phragmocone
internal mould
Criniod holdfast Right lateral side
Kosmoclymenia sp.
GIUS4-2882-KW-32/2
Fragment of phragmocone
internal mould
Criniod holdfast Left lateral side
Kosmoclymenia sp.
GIUS4-3541-KW-10
Fragment of phragmocone and body
chamber internal mould
Worm tube Left lateral side on a
body chamber
Kosmoclymenia sp.
GIUS4-3541-KW-11
Fragment of phragmocone
internal mould
Criniod holdfast (trace) Right lateral side
Kosmoclymenia sp.
GIUS4-3541-KW-12
Fragment of phragmocone and body
chamber internal mould
Criniod holdfast Left lateral side on a
body chamber
Kosmoclymenia sp.
GIUS4-3541-KW-13
Fragment of phragmocone and body
chamber internal mould
Criniod holdfast Right lateral side on a
body chamber
Kalloclymenia sp.
GIUS4-2884-KW-34/5
Fragment of phragmocone
internal mould
Criniod holdfast (trace
with preserved fragments)
Left lateral side
? Sphenoclymenia sp.
GIUS4-3541-KW-17
Fragment of phragmocone and body
chamber internal mould
Two criniod holdfast Right lateral side on
a body chmaber
Two criniod holdfast Right lateral side on
a phragmocone
? Finiclymenia sp.
GIUS4-3541-KW-16
Fragment of body chamber
internal mould
Two criniod holdfast Left lateral side
? Cyrtoclymenia sp.
GIUS4 3541-KW-9
Fragment of phragmocone and body
chamber internal mould
Criniod holdfast Left lateral side on a
body chamber
Clymenia? sp.
GIUS4 3541-KW-2
Fragment of phragmocone
internal mould
Three criniod holdfasts,
worm tube
Left lateral side
Clymeniidae indet.
GIUS4-3541- KW-3
Fragment of a body chamber
internal mould
Two criniod holdfast Left lateral side
Clymeniidae indet.
GIUS4-3541- KW-14
Fragment of body chamber
internal mould
Criniod holdfast,
worm tube
Left lateral side
Clymeniidae indet.
GIUS4-3541- KW-15
Fragment of phragmocone and
body chmaber
internal mould
Criniod holdfast Right lateral side on
a phragmocone
Spyroceras sp.
GIUS4-3498-N-2
Uncomplete phragmocone internal
mould
Bryozoan
(probably Paleschara sp.)
________________
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